We propose wideband bandpass filters based on multipole resonances of spoof 
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Filters play essential roles in microwave systems, such as wireless communications, radars, etc. Planar microstrip filters have been widely used for the advantages of low cost, easy fabrication, easy integration with microstrip circuits, small sizes, and so on.
Formulaic synthesis methods are taken for filters with relatively narrow passband (usually<20%), and have been realized in structures of coupled line, coupled resonators, etc.
1, 2 For wideband filters, multimode resonators are usually adopted, such as patch resonators, ring resonators, and stepped-impedance resonators. [3] [4] [5] The passband bandwidths of patch and ring resonators are still limited, though various perturbations are introduced to split up the degenerate modes. 1, 6 Ultrawide bandwidth as high as 100% can be achieved in stepped-impedance resonators. 4, 5 However, the stepped-impedance resonators are always length consuming, thus prevent them from applications in ultra-compacted circuits. 3 Spoof localized surface plasmons (SLSPs) refer to periodically textured metallic cylinders (2D) or ultrathin metallic disks (3D), which resemble multipole resonances of optical localized surface plasmons (LSPs) in microwave and Terahertz spectra. SLSPs exhibit conceptual similarity to the propagating mode of spoof surface plasmon waves (SSPWs). [8] [9] [10] SSPWs have been widely studied in the past decade, and have found plenty applications as novel transmission lines in passive and active circuits. [11] [12] [13] [14] [15] Different from propagating SSPWs, SLSPs are localized resonant modes.
Compared with conventional resonators such as stepped-impedance resonators, split ring resonators, etc., SLSPs possess more abundant resonant modes (both axial and radial multiple modes), thus, more complex physical phenomena and mechanisms can be expected. [16] [17] [18] [19] [20] [21] [22] [23] SLSPs also exhibit the potential in compacting resonator sizes, stemming from their strong near-field enhancement. However, SLSPs have been theoretically proposed and investigated very recently (since 2012), and practical circuit devices have seldom been realized based on SLSPs (except one demonstration of SLSP sensor 24 ).
In this paper, the multipole resonances and geometric tunability of SLSP disks are investigated, and utilized to construct microstrip wideband bandpass filters. Strong passbands in compact sizes and balanced shapes, while holding satisfactory spurious rejection bands, group delays, and geometric tunability. with reducing R, leading to broadened distributions of the resonant peaks. These will result in different bandwidth in the following filter designs.
It is mentionable that the multipole peaks of the SLSPs are gradually denser at higher frequencies. These distributions are different from the Chebyshev poles, which are slightly sparser at higher frequencies. 3 However, the higher-order SLSP modes are more difficult to excite with lower S21 magnitudes, as shown in FIG. 3(a) . Denser peaks at higher frequencies can offset the difficulties in excitation, and lead to relatively flat spectra for the wideband filters. The spurious bands are due to radial high-order modes, which possess much sharper peaks and are difficult to be excited. 17 The first spurious harmonic occurs at 15 GHz 
